The X-Ray scattering of a 2 M aqueous solution CdSC>4 has been measured at 9 and 62 °C in a "0-0" transmission arrangement with a plane-parallel liquid sample. The experimental distribution curves show main peaks at about 1.5, 2.3, 2.8, 3.5, and 4.35 Ä. The 3.5 A peak reveals the formation of inner sphere cadmium-sulphate complexes Cd(H20)6-z(0S03) z +2~2 *, in which oxygens from sulphate groups substitute z water molecules of the hydrated Cd(H20)6 2+ ions. Least squares refinements of the i (s) curves are consistent with a structural unit in which the sulphate tetrahedron shares a corner with one cadmium octahedron with Cd-O-S angle of 133 deg. The average number (2) of coordinated sulphate ions increases with increasing temperature.
I. Introduction
Remarkable contributions to the knowledge of the coordination of metal ions in aqueous solutions have been provided by X-ray diffraction studies during the last several years [1] . These studies have usually been carried out at different solute concentrations and always at room temperature. In the present work we have therefore investigated a solution at different temperatures. In a previous work [2] we have studied a series of solutions, of different chemical compositions, of CdS(>4 at room temperature. The aim was to study the cation-anion interactions by X-ray diffraction. Previous studies on the cadmium (II) ion have been done on solutions containing halogen ions [3] [4] [5] . Our study [2] showed the existence of inner-sphere cadmium-sulphate complexes (anion bonded to cation). In order to determine the preferential position of the sulphate ion bonded to the cation, a CdS04 solution has been studied at two temperatures different from the ambient one. Moreover, another object of this study was to investigate the influence of temperature on the distances and standard deviations, as well as the degree of complex formation.
II. Experimental and Data Processing
The solution studied, which was 2M in cadmium, was obtained by dissolving a weighed amount of CdS04(H20)g/3 (Hopkin and Williams Ltd. reagent grade) in water.
Intensity data were collected with the use of a standard X-ray generator and diffractometer equipment. Transmission geometry was used for the measurements. Mok a (A = 0.7107 Ä) radiation, monochromated by a flat LiF crystal in the primary beam, was used in the s range (5 = 47r/A sin 6) from 0.2 to 12 A" 1 , with fixed slit system. At least 80000 counts were collected at each measuring point.
Measurements were performed at discrete points, using a step-scanning facility, with equal intervals As -0. 2 ) , which is a damping factor that minimises the spurious peaks in the G (r) due to a truncation of the integral at 5 max ; the value of k used was 0.01.
The correlation functions G(r) were obtained from i{s) by Fourier transforming according to
«mi n where r is the interatomic distance, « m i n and s max are the lower and the upper limits of the experimental data, and OQ is the bulk density of stoichiometric units. Before calculating the final correlation function, the structure function si(s) was corrected for residual systematic errors by means of a procedure described by Levy et al. [15] , based on the removal of the peaks in the G (r) at small values of r.
III. Analysis of the Results

A) Correlation Functions
The correlation functions G (r) obtained from the experimental data are plotted in Fig. 3 
B) Model
For a quantitative analysis we tested against the experimental data a synthetic function which was refined by least squares. The characteristics of the approach used and the computation procedure are the same as those employed in previous papers [17 -19] . For calculating the i(s) theoretical function we used the well-known formula used by Narten and Levy [20] The study at room temperature has shown the existence in solution of a complex (see Fig. 1 ) with a configuration similar to that found in the solid state [23] . Thus this model was a natural starting point for the study at 9°C. As the interatomic distance Cd-S (3.5 A) did not change with temperature Ave assumed the same model to be valid for the experimental data at 62 °C. As for the interactions between the Cd 2+ ion and its second shell of H2O molecules, the existence of a peak at 4.35 A in the solution at the high temperature shows the strong stability of this contribution, not only at room temperature [2] but also at higher mobilities of particles. Although the hydration of the sulphate ion does not give a distinct peak in the G (r) function (the S-H2O interaction falls within the large peak at 4.35 A), the corresponding contribution was introduced on the basis of previous results [2, 18, 19]. Taking into account the stability constants for the Cd-S04 complex formation the average number of sulphate groups bonded to the cadmium ion will be less than 1, so that the free hexaquo cadmium and sulphate ions will be in equilibrium with the inner cadmium-sulphate complexes. Therefore we can propose the average form for these inner complexes Cd(H 2 0)6-2 (0S03) 2 +2-22 , in which oxygens from the sulphate groups substitute 2 water molecules of the hydrated Cd(H 2 0)jj + ions.
On these basic assumptions the model used was composed of:
1) The interactions involved in the complex, namely, Cd-S, Cd-0 7 , Cd-0 8 , Cd-0 9 and (H 2 0)*= 6 -2 -(S0 3 ) 2 (see Figure 1 ). All these distances are correlated to the Cd-OÖ-S angle once the orientation between octahedron and tetrahedron is fixed. Only four independent parameters were found to be suf- 2) The Cd0 6 octahedron, Cd(H 2 0) 6 3) H20-H20 interactions at about 2.8 A were introduced for the "free" water. We think in this case it is not possible to distinguish between Table 1 ( ). = ] all the interactions arising from that species are taken into account.
Fig. 3. Correlation functions G(r) obtained from the experimental data (
) and from the model structure ( ). Smax used 11 A -1 .
C) Results
The fitting procedure showed a good compatibility of the model with the experimental data as can be seen in Figure 3 . The structure functions from the best fit are shown in Fig. 2 together with the experimental data. The final values of the most significant parameters are listed in Table 1 for the solution at the two different temperatures.
IY. Discussion
An examination of the parameters in Table 1 shows some different points: 
4)
As regards the parameters that specify the complex and the second shell around the cadmium and sulphur atoms we have a change with temperature. It is quite evident that there is an appreciable increase of complex-formation when the temperature increases. This fact will be reflected in a decrease in the sulphate hydration as well as in the second shell around the cadmium ion. As seen, the WS-H20 and ^cd-(HaO)n parameters decrease when the temperature increases, i.e. when the percentage of complex-formation increases.
On the other hand an increase in temperature implies a greater mobility of the particles in solution. This fact is reflected in the variation of the standard deviations of the distances for the complex species.
Y. Conclusions
The analysis of the correlation functions and the least squares results, in connection with literature information, lead to the following conclusions:
1) The presence of a distinct peak at about 3.5 Ä in the G(r) functions is consistent with the formation of an inner sphere cadmium-sulphate complex. The number of coordinated sulphate groups is between 0.34 (9°C) and 0.64 (62 °C). The model proposed initially explains satisfactorily the experimental data. The cis-position for the S04 = group bonded to cadmium seems to be preferred. The same position occurs in the solid state [23] .
2) The parameters that specify the first coordination sphere of the cation do not change substantially with temperature. The SC>4 = anion hydration is confirmed as well as the strong stability of the second sphere around cadmium.
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